Abstract
Three-dimensional high-resolution simulations of particle-driven gravity currents are conducted in order to examine fundamental aspects of such flows which could not be addressed in previous experimental, theoretical and numerical studies. Simplifiedprototype configurations are considered where a finite volume of particle Suspension is released in a plane Channel. Upon release, an intrusion front forms which travels along the lower wall. The study concentrates on dilute flows with small density differences between particleladen and clear fluid, such that the Boussinesq approximation can be applied. Moreover, monodisperseparticles are considered which have negligible inertia but a finite settling ve¬ locity, and which are much smallerthan the smallest length scales of the buoyancy-induced fluid motion. For the mathematical description of the particulatephase, an Eulerian ap¬ proach is employed with a transport equation for the local particle concentration. The governing equations are integratednumerically with a high-order mixed spectral/spectralelement technique, in order to capture all relevant time and length scales of the flow. In the analysis, special emphasis is placed on the Sedimentation of particles and the influence of particle settling on the flow dynamics. It is shown that the early stages of the flow development are essentially unaffected by particle Sedimentation and develop very similarly to what is seen in density-drivengravity currents. On the other hand, the flow at later times is strongly influenced by the settling of particles. This is seen, for example, from the front speed which, after an initial transient phase, decays much more rapidly in a particle-driven gravity current than in a density-driven flow. Eventually, the particledriven front comes to rest when all particles have settled. Concerning the accumulation of particles at the lower wall of the Channel, it is shown that the mass flux of sedimenting particles steadily increases during the early flow stages, before decreasing rapidly at later times.
Fundamental to the motion of gravity currents is the conversion of potentialenergy into kinetic energy, which, in turn, is subject to viscous dissipation. A detailed analysis is made of the temporal evolution of potential and kinetic energy, along with the dissipative losses in the flow, and a direct comparison is undertaken of the respective results for density-driven and particle-driven currents. An important difference between these flows is that in particle-driven gravity currents energy is dissipated not only by macroscopic convective motion, but also by the microscopic Stokes flow around the particles. In the cases studied, up to 50% of the initially available potentialenergy is 'lost' due to particle settling. Two-dimensional and three-dimensional computations are compared which reveal that, for the present configuration, a two-dimensional model can predict reliably the flow de¬ velopment at early times. However, concerning the long-time evolution of the flow, more substantialdifferences exist between 2D and 3D simulations. Finally, the issue of mixing between interstitial fluid (i.e. the fluid that initially carried the particles) and ambient fluid is addressed. It is shown that this mixing is strongly enhanced at later times, when all particles have settled and the stratification in the Channel has disappeared. 
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